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(Presented  by  Academician  A, I.  Oparin  13  April  1962) 

We  know  that  tho  bacterial  lipopolyaaccharldes  (BLP) 
have  a  pronounced  effect  on  the  functioning  of  human  and 
animal  bone  marrow.  This  is  manifested  in  heightened  leuoo- 
oytosis  (with  an  intensification  of  the  phagocytic  aotlvity  - 
of  the  leucocytes  and  reticulo-endothelial  cells),  which 
apparently  strengthens  the  resistance  of  man  and  animals  to 
infection  (the  BLPs  do  not  affeot  erythro-thrombopolesls) 
(refs  1-9).  However,  the  high  toxioity  of  the  BLPs  and  their 
ability  to  stimulate  fibrinolysis  hinder  the  use  of  these 
compounds  as  proteotive  agents  against  penetrating  radiation. 

Por  this  reason,  from  the  standpoint  of  research  on 
defense  against  penetrating  radiation,  the  compounds  of  the 
llpopolysaooharide  type  found  by  B.N.  Gladyshev  (Biochemistry 
Institute  of  the  Academy  of  Sciences  USSR)  in  the  higher 
plants  (phytolipopolysaccharldes  —  PLP)  (refs  10,  11)  oould 
be  of  some  Interest.  The  existence  of  a  ohemo structural 
similarity  between  the  BLPs  and  PLPs  led  to  the  supposition 
that  the  PLPs  might  also  exhibit  biologioal  activity,  includ¬ 
ing  that  of  stimulating  in  some  degree  the  functioning  of 
bone  marrow.  We  also  surmised,  bearing  in  mind  the  origin  of 
the  PLPs,  that  the  latter  laok  or  possess  very  low  toxicity. 

The  present  study,  a  continuation  of  the  search  for 
proteotive  agents  against  penetrating  radiation  (ref  12), 
Involved  tests  of  a  preparation  made  from  tea  leaves  which 
does  not  exhibit  a  fibrinolytic  effeot  (oral  presentation 
by  G.V.  Andreyenko,  Moscow  University).  The  intestinal 
muoosa  was  proteotsd  from  radiation  (refs  13,  14)  and  exhaus¬ 
tive  diarrhea  prevented  by  means  of  the  VB-2  preparation 
which  is  a  vlnylbutyl  ether  polymer  (mol  wt  6000}  njgo  1  .4600} 

viscosity  in  104  benzene  solution  6-10  oentistokes) . 
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Method.  The  study  was  oarrled  out  on  whits  mals  rats 
with  normal  nomograms.  Both  tha  tost,  and  oontrol  spseimsns 
wars  subjected  to  total  irradiation  with  t  -rays  from  a 

0o®°  aouros  (TOO  r  doss)  undsr  ths  following  tsohnioal  con¬ 
ditions  :  DSM-49,  doss  rats  62  r/min.  For  uniform  Y -irradia¬ 
tion,  ths  rats  wars  trsatsd  in  groups  of  5-1 0.  The  animals 
in  group  I  received  four  suboutansoua  injections  of  PL P  eaoh 
in  the  pelvlo  area  for  a  total  of  200-400Y  par  rat  weighing 
200  grams,  with  eaoh  injection  containing  t 00-50 t  of  sterile 
solution  of  the  agent  (sterilization  in  autoolave):  1st 
injeotion  96  hours,  2nd  injection  72  hours,  3rd  —  48  hours, 
4th  —  24  hours  prior  to  irradiation.  The  specimens  in 
group  II  were  tested  for  oomblned  effeot  of  PLP  and  VB-2 
preparation:  the  latter  was  administered  perorally  24  hours 
after  irradiation  and  then  daily  throughout  the  entire  ob¬ 
servation  period  (30  days).  The  animals  in  group  III  were 
used  for  control.  Peripheral  blood  was  studied  for  all  animals. 
Determinations  were  made  of  tha  hemoglobin,  erythrocytes, 
leuoooytes  and  leuoocyte  formula,  retieulooytes ,  and  thrombo- 
oytes..  The  state  of  the  blood  was  studied  prior  to  irradia¬ 
tion  and  after  various  time  intervals  (i ;  5;  10;  15;  20  and 
30  days)  upon  irradiation.  The  data  were  processed  statis¬ 
tically  by  V.I.  Suslov  on  the  M-2  oomputer. 

Results.  The  study  of  the  proteotlve  effeots  of  the 
PLP  and  VB-2  preparation  revealed  that  with  the  administra¬ 
tion  of  the  PLP  preparation  24  hours  in  advanoe  of  irradiation, 
the  death  rate  among  the  animals  was  26i»  With  oombined  pro¬ 
tection  the  rate  fell  to  23<.  In  the  oontrol  group,  the  cor¬ 
respond  lng  rate  was  62 Y. 


The  Effeot  of  PLP  and  VB-2  Prep 


u..zgg..s-BMg„.  rraiLi.jgaP-0T?gargg 


A  s  Variant;  B  a  Total  number  of  animals;  0  *  Number  of 
perishing  animals;  D  a  Absolute  number. 


From  the  data  of  Table  1  we  oan  oonclude  that  the 
PLP  preparation  has  a  proteotlve  effeot  against  ionizing 
radiation.  The  effeot  of  the  PLP  is  intensified  when  it  is 
oombined  with  the  VB-2  preparation,  whioh  is  confirmed  by 
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statistical  treatment}  in  the  first  case  p  <  1*10“^,  and 

In  the  second,  2*10“^, 

The  data  showed  that  the  oondltlon  of  the.  blood 
of  the  experimental  animals  was  mueh  better  than  that  of 
the  control  group.  The  oontent  of  hemoglobin  in  the  experi¬ 
mental  rats  5  days  after  irradiation  was  103-105^  of  the 
initial  level,  followed  by  an  ins lgnif loan t  drop  to  95-96^. 
Ey  the  30th  day  following  irradiation,  the  hemoglobin  con¬ 
tent  had  risen  to  100-1041?  of  the  initial  level. 


Figure  1 .  Variations  in  hemogram  of  rate  irradiated  from 

a  Co^°  source  (700  r  dose)  with  combined  protection  (PLP  + 
VB-2).  Average  data,  a  —  experiment,  b  —  control,  1  — 
hemoglobin,  2  --  erythrocytes ,  3  —  reticulooytes,  4  — 
thrombocytes,  A  *  ^  of  initial  level}  B  *  Days  after  irradia¬ 
tion  , 


Tr.  the  control  rats,  starting  on  the  5th  day  follow¬ 
ing  irradiation,  there  waa  a  gradual  decline  in  the  hemo¬ 
globin  oontent  in  comparison  to  the  initial  level}  it.  reached 
its  lowest  values  (47^)  on  the  15th  day  after  irradiation. 

By  the  30th  day  the  hemoglobin  oontent  for  the  control 
pro  up  waa  56  lS.  The  number  of  erythrooytes  in  the  blood  of 
the  control  rats  from  the  5th  day  after  irradiation  dropped 
gradually,  reaching  a  minimum  (6oK  of  initial  level)  on  the 
20th  day  after  irradiation.  In  the  group  I  rats,  in  all 
time  intervals  (starting  from  the  5th  day)  following  irra¬ 
diation,  the  increase  in  the  number  of  erythrocytes  in 
comparison  with  the  control  specimens  Was  statistically 
evident  (with  the  exception  of  the  30th  day  following 
irradiation) .  * 


*  With  oomhined  protection,  the  survival  rate  was 
higher;  on  the  10th,  15th,  ahd  20th  day  after  irradiation, 
regeneration  was  more  intense  than  with  the  administration 
of  PLP  alone.  The  increase  in  the  erythrocyte  count,  starting 
on  the  5th  day,  is  statistically  evident  in  all  time  inter¬ 
vals  following  irradiation  (sea  Figs  1  and  2  and  Table  2), 

It  must  be  noted  that  the  decrease  in  the  absolute 
reticulocyte  count  in  the  experimental  group  came  later  than 
in  the  control  group.  5  days  following  irradiation,  both 
the  control  and  experimental  specimens'  exhibited  a  sharp 
drop  in  the  absolute  reticulooyte  count;  for  the  experimental 
group,  the  count  was-  17-25^  of  the  initial  count;  the  cor¬ 
responding  figure  for  the  control  group  was  8.37%.  The  re¬ 
generation  process  in  the , experimental  group  began  sooner 
and  was  much  more  intensive  than  in  the  control  group. 

With  combined  protection,  the  regeneration  on  the  10th, 

15th,  and  20th  days  following  irradiation  was  more  intense  *• 
than  with,  PLP  protection  alone. 


Figure  2.  Variations  in  hemogram  of  rats  irradiated  from 

a  Ooi>c  source  (700  r  dose)  with  PL?  protection.  Average 
data.  Notation  same  as  in  Fig  1  .  A  s  i>  of  initial  level; 
B  =  Days  after  irradiation. 


Fluctuations  in  the  thrombocyte  count,  over  the 
entire  observation  period  did  not  exceed  normal  limits. 

In  the  control  group,  the  thrombocyte  count  from  the  5th 
day  following  irradiation  began  to  fall,  reaching, the 
lowest  levels  on  the  15th,  20th,  and  3oth  day  following 
irradiation  (see  Table  2).  The  increase  in  the  thrombocyte 
count  in  the  experimental  animals  in  all  time  intervals  ' 
starting  with  the  5th  day  after  irradiation  was  statistic¬ 
ally  evident  in  oomparlson  with  data  for  the  control  group. 

With  retrard  to  the  leucocyte  count  it  must  be  noted 
that  Its  Increase  became  evident  statistically  Just  one  day 
following  irradiation. 

The  PLP  preparation  extracted  from  tea  leaves,  in 
contrast  to  BLP,  does  not  produce  a  stable  and  clear  varia- 


4 


tion  in  experiment  iim  comparison  with  control  in  the  picture 
of  the  leueooyte  serl_es. 

Thus,  we  may  conclude  that  the  lipopolyaaccharide 
preparation  extracted^  from  tea  leaves  has  a  protective  action 
against  radiation,  iocreasing  the  survival  rate  of  irradia¬ 
ted  animals  and  producing  an  increase  in  the  hemoglobin  con¬ 
tent  and  the  erythroayte  . .  retioulocyte.,  and  thrombocyte 
counts.  The  effect  off  this  lipopolysaooharide  preparation 
upon  its  combined  use  with  VB-2  (the  vinylbutyl  ether  polymer). 
As  distinct  from  the  bacterial  lipopolysaocharides,  the  tea- 
leaf  PIP  has  the  ablJLity  to  exercise  a  protective  effect  on 
the  hemopoietic  funo-«;lon  and  to  stimulate  erythro-  and  thrombo¬ 
cytosis  without  suba-fcantially  and  stably  altering  ..the  picture 
of  the  leucocyte  sera.es. 

3iologieal  Physics  Institute  Reoelved 

of  the  Academy  of  Seflsnces  USSR  12  April  1962 

Organic  Chemistry  Institute  iraeni 
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ON  THE  SELECTIVE  EFFECT  OF  ULTRASONIC  WAVES  ON 
THE  MOLECULAR  STRUCTURE  OF  INSULIN 


[.Following  i*  the  tranilation  of  an  artiolo  by 
I.  To.  Sl'piner  and  L.  I.  St«kol‘nik©v,  in  tbo 
Rusal tn-language  pari odi cal  Dokladv  Akadgli  Nauk 
(Roporta  of  tha  Aoadaay  of  Seianoaa  USikJ,  No^T* 
Moaoow,  1962,  pp  929-932.] 


(Presented  by  icadenieian  A.T.  Oparin.  2  July  1362) 

Ir.  an  ultrasonic  field,  nrotelns  and  enzymes  split 
up  into  Individual  fragments  of  considerable  molecular 
welrht  (re^.t  *1  and  2).  This  process  occurs  only  when  the 
’'rote in  solution  thus  treated  Is  saturated  with  oxygen  (air) 
or  o.rro'-  nu‘  if  the  no  1  ocular  weight  of  the  protein  is  over 
20,000.  o  start  with,  we  had  only  indirect  indications  that 
uro n  the  ultrasonic  treatment  of  a  protein  solution  in  the 
rrofsence  of  owner,  It  is  possible  to  have  not  only  the  split- 
+  ini?  of  the  protein  molecules  into  relatively  large  molecular 
frir-ents,  but  also  the  removal  from  the  protein  molecule 
of  individual  amiBo'acids  or  .minor  peptides  (refs  ■?,  4), 

Here  in  the  case  of  insulin  it  was  established  that  the 
hormonal  function  of  this  projeln  is  intensified  depending 
on  the  nature  of  the  gas  present  in  the  treated  solution 
(re.f  ?),  The  most  obviou3  data  on  structural  changes  were 
obtained  by  us  through  the  further  study  of  uhf  sound  on 
water  solutions  of, insulin, 

‘"he  choice’ of  insulin  was  dictated  by  the  fact  that 
the  order  of  distribution  of  aminoacid  residues  in  its  mole¬ 
cule  ha-'-  been  firmly  established..  The  molecular  weight  of 
insulin  is  £000  or  6000  }f  2,  which  excludes  the  possibility 
of  molecule  splitting  under  the  action  of  ultrasonic  waves 
into  relatively  large  fragments  (ref  5),  In  addition,  it  is 
fairly  easy  to  determine  the  biological  activity  of  the 
hormone  studied. 

As  is  known,  the  insulin  molecule  consists  cf  two 
polypeptide  chains  (A  and  T?)  connected  by  disulfide  bridges 

(see  digram)  • 
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Diagram  of  Amlnoaold  Residue  Distribution  la  Insulin  Molecules 
L«e«  English  version  p  9j. 

In  the  A-ohain,  the  M-terminal  bond  aalnoacid  is 
glyoine,  and  the  0-terminal  bond  —  aeparaginej  In  the  3- 
chaln,  these  are  phenylalanine  and  alanine,  respectively 
(refs  6,  7).  To  determine  the  N-terminal  bond  groups,  we 
employed  a  method  suggested  by  Sanger  (refs  8,  9)  based  on 
the  faot  that  dlnitrofluorobensol  (DNFB)  in  a  weakly-basic 
medium  Interacts  with  the  free  NH2-groups  of  the  protein  to 
form  dinltrophenyl  derivatives t 


+  NHpCHCONH 


NO, 


NHCHCONH 


+  HF 


The  resultant  produot  was  subjected  to  acid  hydroly¬ 
sis  in  sealed  ampules  at  100*  In  12  N  HC1  for  8  hours.  Al¬ 
most  all  of  the  dinitrophenol  amlnoaoid  derivatives  (DNP- 
aminoaoid8)  were  extracted  from  the  hydrolysate  by  means  of 
other.  The  free  aminoaeids  were  removed  from  the  ether  ex¬ 
tract  by  solution  In  water,  while  the  residual  ether  con-  . 
talning  DNP-aminoaeids  was  dissolved  in  aloohol  and  applied 
to  chromatographic  paper.  The  solvent  employed  was  butanol 
saturated  with  0,1%  ammonia.  The  indicators  were  aloohol  ' 
solutions  of  DN'  -aminoaclde  • 

The  insulin  we  used,  treated  by  the  described  method, 
produces  two  spots  on  the  ohrematogram  (Fig  1)  whose  position 
colnoides  with  the  spots  of  the  DNP-glycine  and  DNP-phenyl- 
slanlne  employed.  These  results  confirm  the  data  found  In  the 
literature  whloh  lndioate  that  the  N-terminal  bond  aminoaeids 
are  glycine  and  phenylalanine  (refe  8-10)  (the  resulting 
dinitrophenol  Spot,  a  side  reaotlon  product,  was  brought  out 
by  placing  the  chromatogram  into  concentrated  HOI  vapor  for 
f>-10  minutes). 

Other  results  were  obtained  in  the  study  of  sound- 
treated  Insulin  preparations.  The  treatment  was  applied  to 
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an  0.3^  water  solution  of  Insulin  for  3  hours  with  an  ultra¬ 
sonic  wave  intensity  of  Shout  10*12  watts/em2  (frequency  — 
740  klloeyeles/seo) ,  The  irradiated  solution  was  saturated 
with  oxygen,  argon,  or  hydrogen. 


Pier  1  Pig  2 

Figure  1 .  Chromatograms  of  N-terminal  bond  DNP-derlvative 
aminoaclds  of  insulin  molecules,  a  —  DNP-phenylalanine ; 

£  —  BNP-glycine;  e  —  insulin  not  subjected  to  uhf  sound 
treatment  (  lower  spot  —  LNP-glycine,  upper  spot  —  BNP- 
phenylalanlne) ;  %  --  insulin  solution  sound  treated  in  pre¬ 
sence  of  Oo  (lower  spot  —  DNP-glycine,  upper  spot  —  DNP- 
histidine)f  —  DNP-glycine;  e—  DNP-hlstidlne . 

Figure  2.  Chromatograms  of  N-terminal  bond  DNP-derlvative 
insulin  aminoaclds  for  insulin  subjected  to  uhf  sound  treat¬ 
ment  in  presence  of  argon,  a  —  DNP-phenylalanine  +  DNP- 
glycine;^  —  DNP-alanine ;  a  —  DNP-cystine;  <v  —  Insulin 
solution  treated  in  presence  of  Ar  (lower  spot  —  DNP-cystine 
or  DNP-cysteine  acid,  upper  spot  —  DNP-phenylalanine). 

Figure  1  is  a  chromatogram  of  an  alcohol  solution  of  DNP- 
derivative  aminoaclds  obtained  after  appropriate  hydrolysis 
of  the  insulin  sound-treated  in  the  presence  of  oxygen.  The 
chromatograms  invariably  revealed  a  DNP-clyclne  and  a  BNP- 
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histidine  spot.  Consequently,  under  the  action  of  uhf  waves 
in  the  presenoe  of  oxygen,  there  is  a  cleavage  of  the  peptide 
bond  between  the  glutamine  and  histidine  in  the  B  chain. 
Further,  the  tetrapeptide  P-al-Val-AspUH^-GluCNHg)  breaks 

away  from  the  insulin  molecule.  It  should  be  noted  that  the 
chromatogram  did  not  reveal  a  spot  for  DNF -phenylalanine 
which  should  have  been  formed  as  a  result  of  DNFB  interaction 
with  phenylalanine  which  is  the  K-termlnal  bond  aminoacld  of 
the  removed  tetrapeptide.  Apparently,  the  phenylalanine 
Included  in  the  tetrapeptide  undergoes  chemical  transformations 
as  a  result  of  uhf  sound  Irradiation  which  deprive  it  of  the 
ability  to  react  with  DNF3. 

It  is  Interesting  to  note  that  in  the.  case  of  Insulin 
solution  sound  treatment  in  the  presence  of  argon,  it  is  the 
pentapeptide  from  the  A  chain  of  the  hormone  molecule  rather 
than  the  .tetrapeptide  from  the  B  chain  which  splits  off. 

This  is  indicated  by  the  chromatogram  of  Fig  2.  Here  the  in- 

•V*  p  A 
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Figure  3.  Chromatograms  of  amlnoaeids  obtained  as  a  result  of 
the  action  of  carboxypeptidase  on  Insulin  before  and  after 
its  sound  treatment. 'a  —  untreated  insulin;  4  —  insulin 
treated  in  presence  of  oxygen  (upper  spot  —  alanine,  lower 
spot  —  aspartic  acid);  fc  —  Insulin  treated  in  presence 
of  argon;  ^  —  Insulin  treated  in  presence  of  H,;  G  —  alanine; 
*  —  aspartic  acid . 


sulin  treated  in  the  presence  of  argon  and  further  processed 
with  DMFB ,  produces  two  spots;  DNP-phenylalanine  and  DNF- 
eystlne.  In  other  words,  in  the  presence  of  argon  under  the 
action  of  uhf  sound,  there  is  a  rupture,  of  the  polypeptide 
A  chain  with  the  appearance  of  cys.tine  or  its  derivatives 
(DNP-cystine  and  its  derivatives  are  close  in  their  Rf)  as 

the  final  N-amlnoacid.  In  a  number  of  cases,  the  chromatogram 
also  revealed  a  glutamic  acid  spot.  We  used  the  dinitrofluoro- 
benzol  method  unsuccessfully  in  an  attempt  to  detect  changes 
in  the  structure  of  insulin  upon  its  sound  treatment  in  the 
presence  of  hydrogen.  Changes  were  detected,  however,  with 
■another  technique  permitting  the  determination  of  the  C- 
terminal  bond  amlnoaeids  in  the  insulin.  For  this  purpose 


we  used  the  carboxypeptidAse  method*  Carboxypeptldase  splits 
up  largely  those  peptide  bonds  In  the  protein  which  are  adjacent 
to  the  ci -carboxyl  group. 

The  Insulin  solution  (50  mg  of  protein)  (pH  7.8)  In 
the  presence  of  the  carboxypeptldase  enzyme  was  Incubated  at 
37  and  25*  for  4-6  hours.  Trlehloraoetlo  aeld  (20<)  was 
added  following  Inactivation  of  the  enzyme  and  the  solution 
centrifuged.  The  fluid  over  the  preolpltate  was  decanted 
and  evaporated  In  a  vacuum  (at  40s)  until  dry.  The  dry 
residue  was  dissolved  in  water  and  chromatographed  (solvent 
—  butanol  (CHjCOOH-HgO);  developer  —  ninhydrine). 

The  untreated  insulin  produced  a  single  spot  on  the 
chromatogram  (Fig  3);  this  belonged  to  aneline,  as  indicated 
In  the  literature  (ref  11).  From  the  same  chromatogram  we  see 
that  the  preparations  of  Insulin  sound-treated  in  the  presence 
Of  H2,  0 2,  or  Ar  along  with  the  alanine  spot  likewise  yield 

an  aspartic  aeld  spot.  This  indicates  that  in  the  ultrasonic 
wave  field  at  the  end  of  the  A-chaln  there  takes  place  the 
deamidation  of  the  aspartic  acid  which  is  split  off  from  the 
protein  by  the  carboxypeptldase.  The  deamidation  of  the  as¬ 
paragine  (probably  glutamine  as  well)- was  accompanied  by  the 
release  of  ammonia,  which  was  detected  by  the  Nessler  reagent. 


Figure  4,  Chromatograms  of  asparagine  before  and  after  . 
sound  treatment  in  the  presence  or  02  (asparagine  concentra¬ 
tion  —  10  mg/ml;  length  of  treatment  —  10  hours;  ultrasound 
frequency  10  watts/em2).  a  —  aspartie  aoid;  ^  sound- 
treated  asparagine  (upper  spot  —  aspartic  acid,  lower  spot 
—  asparagine);  $  —  asparagine. 

It  should  be  noted  that  asparagine  under  the  action 
of  uhf  3ound  oan  actually  undergo  deamination,  as  indicated 
by  the  chromatogram  (Fig  4), 


12 


It  can  also  be  surmised  that  the  glutamine  at  the  ■ 
end  of  the  polypeptide  obtained  in  the  sound  treatment  of 
the  insulin  solution  undergoes  deamination  in  the  uhf  wave 
field  with  the  formation  of  glutamic  acid  (Fig  2). 

Thus,  uhf  sound  waves,  depending  on  the  nature  of 
the  gas  present,  produce  ruptures  in  the  polypeptide  chain 
at  strictiv  fl^ed  points  of  the  insulin  molecule:  in  the 
rre3snce  of  oxygen,  a  tetrapeptlde  splits  off  -£>onr  the  K-ond 
of  the  B-chain;  in  the  presence  of  argon,  a  pentape.ptide 
splits  off  from  the  '"-end  of  the  A-chalr.  Tn  the  presence  of 
hydrogen,  we  note  only  the  deamination  of  asparagine  on  the 
C-end  of  the  4-chnln  of  the  insulin  molecule}  the  deamination 
of  the  asparagine  is  likewise  observed  with  the  sound  treat¬ 
ment  of  insulin  in  the  presence  of  Og  and  Ar.  The  latter 

fact  indicates  that  asparagine  deamination  at  the  C-end  of  the 
insulin  occurs  as  a  result  of  both  its  interaction  with  Og 

and  Hp  (activated  in  the  ultrasound  wave  field),  and  as  a 

result  of  its  activation  by  O’T-radlcals  whose  formation  is 
catalyzed  in  the  presence  of  ar^on  (ref  12). 

The  splitting  off  of  the  pentnpeptide  from  the  .4- 
chain  in  the  presence  of  argon  with  the  participation  of 
the  CP -radicals  occurs  with  the  possible  selective  reaction 
of  the  latter  with  the  amino&cid  glutamine  and  cystine  resi¬ 
dues.  The  ovyaen  activated  in  the  ultrasonic  wave  field 
apparently  transforms  chemically  the  amino acid  glutamine  and 
bi3tidine  residues,  as  a  result  of  which  a  tetrapeptlde  splits 
off  from  the  P-chain  of  the  insulin  molecule. 
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